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© Method and apparatus for heat treating a fluid 
product, in which the product is preheated in a 
countercurrent heat exchange process and heated to 
the desired treatment temperature in a throughflow 
heat exchange process, wherein in the primary 
countercurrent heat exchanger section, a higher 
pressure than the atmospheric pressure prevails, 
and both in normal operation and during recirculation 
through the final-temperature heating section, the 
secondary countercurrent heat exchange section is 
maintained at a higher pressure than the pressure in 
the primary countercurrent heat exchanger section, 
whilst, should the pressure difference between the 
primary and the secondary countercurrent heat ex- 
changer sections drop out, the supply and discharge 
of the product are stopped and the product to be 
treated is recirculated through the final-temperature 
heating section. 
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This inv ntion r lates to a method for heat 
treating a fluid product, in which the product drawn 
from a supply is pr h ated in one or more stages 
by countercurrent h at xchang , brought up to the 
desired treatment temperature in a throughflow 
heat exchange process and subsequently main- 
tained at the treatment temperature for a given 
time, and in which the product, as long as it has 
th proper treatment temperature, is discharged 
through pumping action for further processing after 
th countercurrent heat exchange stage wherein 
th heat of the treated product is at least partly 
used for preheating and wherein a positive pres- 
sure difference between the secondary and the 
primary countercurrent heat exchange sections is 
maintained through the pumping action referred to, 
whilst, if the temperature of the treated product 
proves to be too low, the treated product is recir- 
culated in the final-temperature heating section 
through the pumping action referred to. 

The invention further relates to an apparatus for 
carrying out the present method, this apparatus 
comprising a supply tank which, via the primary 
ducts of at least one preheating heat exchanger, to 
be referred to as regenerator, is connected, in 
succession, to a pump, a final-temperature heat 
exchanger, to be referred to as pasteurizer, a tem- 
perature maintaining element, and a multi-way 
valve, which are interconnected in series by means 
of pipes, a temperature sensor being provided be- 
tween the pasteurizer and the multi-way valve, 
whilst the multi-way valve, in a first position, is in 
communication with the secondary duct of the 
pr heating heat exchanger arranged directly up- 
str am of the pasteurizer, and, in a second posi- 
tion, is in communication with the entrance of the 
pump. 

U.S. Patent No. 2,197,118 discloses such an 
apparatus for pasteurizing milk. 

Because the pump is arranged between the 
preheating heat exchanger and the pasteurizer, the 
pressure in the pasteurizer, the temperature main- 
taining element and the secondary duct system of 
th preheating heat exchanger, all disposed on the 
d livery side of the pump, will be higher than in the 
primary duct system of the preheating heat ex- 
changer disposed on the suction side. As a result, 
during normal operation of the apparatus, it is im- 
possible for pasteurized milk to mix with non-pas- 
t urized milk in the preheating heat exchanger, for 
instance in the event of leakage in the preheating 
heat exchanger. Further, because the multi-way 
valve is arranged downstream of the temperature 
maintaining lem nt, it is impossible for any insuffi- 
ci ntly h ated milk to contaminate th secondary 
duct syst m of the pr heat h at exchang r, since 
th insufficiently heated milk is recirculated dir ctly 
through th final-t mperature heating section. 



In additi n to the positiv aspects d scribed 
hereinabov , the known apparatus and the asso- 
ciated m thod have a number f disadvantages as 
well. 

5 A first disadvantage is that the pump, being the 

only pump, serves both for drawing the product 
from the supply and for raising the pressure down- 
stream of the pump. As a result, on the suction 
side of the pump, i.e., in the primary duct system 

w of the preheating heat exchanger, a subat- 
mospheric pressure prevails. As a consequence, 
leakage in the primary duct system is difficult to 
establish, since no milk will flow out. Since the 
resistance in the pasteurizer and the temperature 

15 maintaining element is rather high due to the length 
of the heat exchange ducts, the delivery pressure 
to be generated by the pump will have to be rather 
high. Owing to the great difference in pressure 
between the suction and the delivery sides of the 

20 pump, there is a substantial danger of cavitation in 
the pump. Cavitation is a phenomenon that can 
adversely affect the operation of the pump in a 
short time. 

Another important disadvantage of the known 

25 apparatus is that no positive pressure difference 
prevails between the secondary and the primary 
duct system of the preheating heat exchanger 
when the milk is being recirculated through the 
final-temperature heating section owing to insuffi- 

30 cient heating in the pasteurizer. 

Yet another disadvantage of the known appara- 
tus is that when the pressure difference between 
the primary and the secondary ducts of the 
preheating heat exchanger drops out, for instance 

35 as a result of a leak in the secondary duct of the 
preheating heat exchanger, the apparatus will con- 
tinue to pasteurize normally, giving rise to the 
danger of as yet unpasteurized milk flowing into 
the secondary duct system of the preheating heat 

40 exchanger and mixing with the pasteurized milk 
coming from the pasteurizer. The known apparatus, 
therefore, involves the risk of unpasteurized milk 
being delivered unnoticed. 

The object of the present invention is to pro- 

45 vide a method for pasteurizing milk without the 
disadvantages described hereinabove. 

To that end, according to the invention, a meth- 
od of the type described in the opening paragraph 
hereof is characterized in that in the primary coun- 

50 tercurrent heat exchanger section, a higher pres- 
sure than the atmospheric pressure is maintained 
through supply pump action, and, if the product is 
recirculated through the final-temperature heating 
section, th supply pump action is switched off and 

55 th secondary count rcurr nt h at xchange sec- 
tion is maintained at a high r pressure than the 
pr ssur in th primary count rcurrent heat ex- 
chang r section, whilst, should th pr ssur dif- 
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f renc betw n the primary and the secondary 
count rcurrent heat exchanger sections drop out, 
the supply pump action is switched off, th product 
to be tr at d is recirculat d through the final-tem- 
perature heating section and the discharge of the 
product is stopped. 

Such a method offers the advantage that leak- 
age in the primary countercurrent heat exchanger 
section can be readily established and that creating 
an overpressure in the secondary countercurrent 
heat exchanger section relative to the primary 
countercurrent heat exchanger section requires 
only relatively slight pumping action, since the sup- 
ply of the product is already taken care of by the 
supply pump action and the pumping action need 
only generate a pressure difference of not more 
than about 0.5 bar. A further advantage of the 
method according to the invention is that, even in 
the case where the product to be treated is being 
recirculated through the final-temperature heating 
section, i.e., at too low a treatment temperature, the 
pressure in the secondary countercurrent heat ex- 
change section is higher than the pressure in the 
corresponding primary section. In principle, this 
precludes treated product from being contaminated 
with the as yet untreated product, even during 
recirculation through the final-temperature heating 
section. 

Should the pressure difference between the 
primary and secondary countercurrent heat ex- 
changer sections drop out, the supply pump action 
will be switched off, the product present in the 
final-temperature heating section will be recirculat- 
ed through this section and the discharge of the 
product will be stopped. This measure prevents the 
discharge for further processing of any as yet 
untreated material that has ended up in the secon- 
dary countercurrent heat exchange section, for in- 
stance as a result of a leak between the primary 
and secondary countercurrent heat exchange sec- 
tions. 

Moreover, this method offers the advantage 
that during recirculation of the treated product 
through the final-temperature heating section, there 
is no flow in the secondary or primary countercur- 
rent heat exchange sections, so that the tempera- 
ture equilibrium is maintained as much as possible. 

In further elaboration of the method according 
to the invention, the product to be treated can be 
milk and the treatment temperature and the dura- 
tion of the milk treatment can be chosen such that 
the milk is phosphatase-negative after treatment. 

Milk so treated can be considered to be free of 
any pathog nic g rms. 

Another object of th invention is to pr vid an 
apparatus for heat treating a fluid product without 
the disadvantag s described h r inabove. 



To that end, according to th inv ntion, an 
apparatus of th type described in th opening 
paragraph h reof is characterized by a second 
pump, to be ref rred to as product supply pump, 

5 which is arranged directly downstream of the sup- 
ply tank, the apparatus further comprising means 
designed for maintaining a positive pressure dif- 
ference between the secondary and primary ducts 
of the or each preheating heat exchanger, both in 

w the first and in the second position of the multi-way 
valve. 

Such an apparatus, which can be manufactured 
economically, offers the advantage that the pump 
can be a relatively small pump in that the supply of 
75 the product is already taken care of by the product 
supply pump. Because the pressure difference 
across the pump is relatively small, the danger of 
cavitation arising in the pump is reduced to a 
minimum. 

20 Another advantage is that a positive pressure 

difference between the secondary and primary duct 
systems of the or each preheating heat exchanger 
is guaranteed both during normal treatment of the 
product, i.e., with sufficient heating in the 

25 pasteurizer, and during recirculation in the final- 
temperature heating section, i.e., with insufficient 
heating in the pasteurizer. 

Still another advantage of an apparatus of the 
present design is that, in the event of recirculation, 

30 there is no flow in the primary and secondary duct 
systems of the or each preheating heat exchanger 
inasmuch as the material is recirculated through 
the pasteurizer and the temperature maintaining 
element. As a result, the temperature equilibrium in 

35 the preheating heat exchangers is substantially 
maintained even during recirculation. Accordingly, 
when the process is re-started, the entire apparatus 
can be rapidly brought up to the desired tempera- 
ture. 

40 In further elaboration of the apparatus accord- 
ing to the invention, the means referred to can be 
made of such design that, should the pressure 
difference between the secondary and primary 
ducts of the or each preheating heat exchanger 

45 drop out, the product supply pump is switched off, 
the discharge pipe is shut off and the multi-way 
valve is switched to the second position. 

In the event of drop-out of the pressure dif- 
ference between the secondary and primary ducts 

so of the or each preheating heat exchanger, such an 
apparatus is prevented from further delivering any 
product from the secondary duct systems that 
may, through leakage, have been contaminated 
with as y t untr ated product fr m th primary duct 

55 syst ms. 

Furth r, in further elaboration of the apparatus 
according to th inv ntion, the means r ferred to 
can be constituted by a pressur maintaining le- 
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ment arranged in th path leading from th multi- 
way valve to the discharge pipe and by pr ssure 
transmitt rs arranged in this path and in th path 
between th two pumps, a pr ssure control valv 
included in the discharge pipe of the apparatus, 5 
and at least one control unit designed for driving 
th multi-way valve, the pressure control valve and 
th two pumps, depending on the pressures mea- 
sured by the pressure transmitters and the tem- 
perature measured by the temperature sensor. 10 

Such an apparatus offers in a simple manner 
th possibility of varying the behavior of the ap- 
paratus by modifying the control behavior or the 
control unit. 

A simple and inexpensive pressure maintaining 75 
I ment may for instance be a flexible, externally 
pressure-loaded compensator. 

It is observed that German 
"Offenlegungsschrift" 40 25 570 discloses an ap- 
paratus for pasteurizing milk, comprising a second 20 
pump for maintaining a positive pressure difference 
between the primary and secondary duct systems 
of the preheating heat exchangers. In this known 
apparatus, however, there is no circulation through 
a final-temperature heating section. In the event of 25 
under-pasteurization, the product to be treated is 
discharged, for instance to the supply tank of the 
apparatus, tt is clear that in the event of under- 
pasteurization, the fluid continues to flow in the 
primary and/or secondary duct systems of the 30 
pr heating heat exchangers. As a result, the tem- 
perature equilibrium in these heat exchangers is 
lost upon recirculation and, as a consequence, the 
activation of the apparatus for normal use after 
recirculation will take more time. Moreover, the as 
disturbance of the temperature equilibrium in the 
pr heating heat exchangers results in a decrease 
in the temperature of the milk supplied to the 
pasteurizer. As a result, the pasteurizer must 
bridge a greater difference in temperature. In par- 40 
ticular when returning to the normal operating con- 
dition, this can give rise to serious process control 
problems, which may have a strong adverse influ- 
ence on the quality of the milk to be delivered. 

To further explain the present invention, one 45 
m bod i ment of the method and the apparatus will 
now be described, by way of example only, with 
reference to the accompanying drawings. 

According to the drawing, the apparatus ac- 
cording to the invention comprises a supply tank 1 so 
which, via a product supply pump P1, a pipe 2, 
and the primary ducts Vp and Rp of, respectively, 
a first preheating heat exchanger V, wherein steam 
or hot wat r can be utilized as h at mitting me- 
dium, and a second pr heating heat exchanger R, 55 
to be r ferred to as regenerator, is connected, in 
succ ssion, to a pr ssur raising pump P2, a final- 
temperatur h at xchanger P, r f rred to as 



pasteuriz r, wher in steam or hot water can be 
utilized as heat emitting medium, a temperature 
maintaining lem nt H and a multi-way valv TCV, 
interconnected in series by means of pipes 3, 4 
and 5. Arranged directly downstream of the 
pasteurizer P is a temperature sensor TE. In a first 
position, the multi-stage valve TCV is connected 
via a pipe 6, which includes a pressure maintaining 
element PHE, with the secondary duct Rs of the 
regenerator R arranged directly upstream of the 
pasteurizer P, and, in a second position, the valve 
TCV is connected with the entrance of the pump 
P2. The secondary duct Rs of the regenerator R is 
connected, in succession, to a pipe 7, the secon- 
dary ducts Ns of a cooling/post-heating heat ex- 
changer N, with cold or warm water flowing through 
the primary ducts Np thereof, and a discharge pipe 
8, which includes a pressure control valve PCV. In 
addition, the apparatus shown in the drawing com- 
prises a first pressure transmitter PT-1 arranged in 
the pipe interconnecting the primary duct systems 
Vp, Rp of the preheating heat exchanger V and the 
regenerator R, respectively, and a second pressure 
transmitter PT-2, which is arranged in pipe 7 be- 
tween the secondary duct systems Rs, Ns, of the 
regenerator R and the cooling/post-heating heat 
exchanger N, respectively. 

The behavior of the apparatus is determined by 
a control unit CU, which drives the multi-way valve 
TCV, the pressure control valve PCV and the 
pumps P1 and P2, depending on the input signals 
generated by the temperature sensor TE and the 
pressure transmitters PT-1 and PT-2. 

The apparatus operates as follows. 

In normal operation, as yet unpasteurized milk 
is drawn from the supply tank 1 by the product 
pump P1 and, via pipe 2, successively directed 
through the primary ducts Vp and Rp of the 
preheating section V and the regenerator R, re- 
spectively, and, via the multi-way valve, with the 
pressure being raised by the pressure raising 
pump P2, via the pipe 3 through the pasteurizer P. 
From the pasteurizer P, the milk at pasteurization 
temperature flows via the pipe 4 through the tem- 
perature maintaining element H and via the pipe 5, 
the multi-way valve TCV via the pipe 6 to the 
secondary duct Rs of the regenerator R, whence 
the partially cooled milk flows via pipe 7 and the 
cooling/post-heating section N to the discharge 
pipe 8 for pasteurized milk, where the pressure 
control valve PCV provides a positive pressure 
difference between the pasteurized milk in the sec- 
ondary duct system Rs and the as yet unpasteuriz- 
ed milk in the primary duct syst m Rp of th 
regen rator. 

However, as soon as the t mperature sensor 
TE at th xit of th pasteurizer senses too low a 
temperatur , which indicat s underpast urization, 
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or when th contr I unit stablish s through pres- 
sure transmitt rs PT-1 and PT-2 that th pressure 
drff r nee between th secondary and primary 
ducts of th regen rator R is failing and cannot be 
readjusted by means of pumps P1 and P2 and the 
pressure control valve PCV, then the multi-w ay 
valve TCV is driven, such that the pipe 6 running 
from ttiis valve to the regenerator R is shut off and 
the pipe running from the temperature maintaining 

lement H is short-circuited so as to be in commu- 
nication with the entrance of the pressure raising 
pump P2, while at the same time the product pump 
P1 is switched off and the discharge pipe is shut 
off by means of the pressure control valve PCV. 

The milk in the final-temperature heating sec- 
tion is then recirculated through the pressure rais- 
ing pump P2, the pasteurizer P and the tempera- 
ture maintaining element H, until the control unit 
registers a normal situation again after correction of 
the disturbance in the heat supply to the 
pasteurizer P or after correction of the disturbance 
causing the drop-out of the pressure difference 
between the primary and the secondary ducts of 
the preheating heat exchangers. Then, the normal 
operating condition is set again. 

In the period when the underpasteurized milk is 
isolated in the final-temperature heating section 
(TCV/P2/3/P/4/H/5). there is no flow in the heat 

xchangers N, V and R, so that the normal tem- 
perature range is maintained therein. Further, the 
pressure maintaining element PHE in pipe 6 en- 
sures that in the event of recirculation due to the 
product having too low a temperature at the exit of 
the pasteurizer, the pressure in the section formed 
by the pipes 6, 7 and 8 and the secondary ducts 
Rs and Ns of the regenerator R and the 
cooling/post-heating heat exchanger N, respective- 
ly, is higher than the pressure in the primary ducts 
thereof. 

It will be clear that the invention is not limited 
to the embodiment described, but that various 
modifications are possible within the framework of 
the invention. 

Claims 

1. A method for heat treating a fluid product, in 
which the product drawn from a supply is 
preheated in one or more stages by counter- 
current heat exchange, brought up to the de- 
sired treatment temperature in a throughflow 
heat exchange process and subsequently 
maintained at the treatment temperature for a 
giv n tim , and in which th product, as long 
as it has th proper tr atment temperatur , is 
discharged through pumping action for furth r 
processing after the counts rcurr nt heat x- 
chang stag wher in th h at of th tr ated 



product is at I ast partly us d for preh ating 
and wherein a positive pr ssure difference be- 
tween th secondary and th primary count r- 
curr nt h at xchang sections is maintained 

5 through said pumping action, whilst, if the tem- 

perature of the treated product proves to be 
too low, the treated product is recirculated in 
the final-temperature heating section through 
said pumping action, characterized in that in 

w the primary countercurrent heat exchanger 

section, a higher pressure than the atmospher- 
ic pressure is maintained through supply pump 
action, and, if the product is recirculated 
through the final-temperature heating section, 

75 the supply pump action is switched off and the 

secondary countercurrent heat exchange sec- 
tion is maintained at a higher pressure than the 
pressure in the primary countercurrent heat 
exchanger section, whilst, should the pressure 

20 difference between the primary and the secon- 

dary countercurrent heat exchanger sections 
drop out, the supply pump action is switched 
off, the product to be treated is recirculated 
through the final-temperature heating section 

25 and the discharge of the product is stopped. 

2. A method as claimed in claim 1 , characterized 
in that the product to be treated is milk and the 
treatment temperature and the duration of the 

30 milk treatment are chosen such that the milk is 

phosphatase-negative after treatment. 

3. An apparatus for carrying out the method, 
comprising a supply tank which, via the pri- 

35 mary ducts of at least one preheating heat 

exchanger, to be referred to as regenerator, is 
connected, in succession, to a pump, a final- 
temperature heat exchanger, to be referred to 
as pasteurizer, a temperature maintaining ele- 

40 ment, and a multi-way valve, which are inter- 

connected in series by means of pipes, a 
temperature sensor being provided between 
the pasteurizer and the multi-way valve, whilst 
the multi-way valve, in a first position, is in 

45 communication with the secondary duct of the 
preheating heat exchanger arranged upstream 
of the pasteurizer, and, in a second position, is 
in communication with the entrance of the 
pump, characterized by a second pump (P1), 

so to be referred to as product supply pump, 

which is arranged directly downstream of the 
supply tank (1), the apparatus further compris- 
ing means designed for maintaining a positive 
pr ssure diff rence between th secondary 

55 (Rs) and primary ducts (Rp) of th or each 

preheating heat exchanger (R), both in the first 
and in th second position of th multi-way 
valv (TCV). 
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4. An apparatus as claim d in claim 3, character- 
ized in that said means ar further of such 
d sign that, should th pr ssure drff r nee be- 
twe n th secondary (Rs) and primary ducts 
(Rp) of the or each preheating heat exchanger 5 
(R) drop out, the product supply pump (P1) is 
switched off, the discharge pipe is shut off and 

the multi-way valve (TVC) is switched to the 
second position. 

10 

5. An apparatus as claimed in claim 3 or 4, 
characterized in that said means are consti- 
tuted by a pressure maintaining element (PHE) 
arranged in the path leading from the multi- 
way valve (TCV) to the discharge pipe and by is 
pressure transmitters (PT-1, PT-2) arranged in 

said path and in the path between the two 
pumps (P1-P2), a pressure control valve (PVC) 
included in the discharge pipe of the appara- 
tus, and at least one control unit (CU) designed 20 
for controlling the multi-way valve (TCV), the 
pressure control valve (PCV) and the two 
pumps (P1, P2), depending on the pressures 
measured by the pressure transmitters (PT-1, 
PT-2) and the temperature measured by the 25 
temperature sensor (TE). 

6. An apparatus as claimed in claim 4, character- 
ized in that the pressure maintaining element 
(PHE) is a flexible externally pressure-loaded 30 
compensator. 
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